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& ^§ H JS§ A J SI o|# o|g*h 7|a BteB&*|oi| ^°^AH, ^°J^(15) S! ^#£K16)o| Y^-i- 
71(12); £PI ^S7|(12)2| mdj §y ehSoil 44^£|Y #S YM^(13) SI ehS YM^(14); £PI YM^ 
(14)s| &&o\\ =P-a\s\s\, ^Y YS^9(24) S ^S^9(23)o| @>*l^(17); £P| ^xR(17)£| U 

*o|| ^b|H|£j, SYS i^o| -yx^o^ ^g^S-idO); a^ c|9^£s #y -ah/^^ 

*l(18, 28)7h^gJ^igiE|(H siY ^Y ?hO|H(20); a^ m&^i^ S ah^ ^Y Y^/^^*K19, 29)7h#£j:HS 
£|o| Sit ^Y ^ho|H(2D; £PI Y§g, h S§ a J(10)o|| 3?l£! i^oil ^l&SS g^&*l(25); S ^ 

y\ ^Y Y^/^,^*K18, 28) S £PI ^Y Y^/^#^AK19, 29)^YN ^3L» gJN^oh £PI ^gj^(15)2| 
oil ^Y1^(26)h| 7HINI01Y S £PI as g^&*l(25)2| S^WY* *iK>mY *1MY(27);» ±mt>[o\ 

s\o\, McMISol *ll&Aj£j°j A^^o| Y§^oi| °|§|] 7 |^ # BHIjAmsA-is, £^°| EHdo| iJO^*! 

?>i, hUS^I Y YYoil itm 7|s°| £i» S^YY q|^ 5§t Y Si°°i, £Y #s| 3 Yoll Y ^# #E.^K>1 2 
=s| £hAj# gWU, H°S 7^7|i#^ 5*1 uHS^oi 7|i^s## Y^ Y Sii^ & D H Y 



*l|1£2| (a)Y Y BhSlOll [C^ ^f&SS A J^I ^^A|0i|# £A|# A[A|£0|1, 



*l|2£2| (b)^ fl|1£(a)s| ^o|| ijxhgo^ o\mzx[t[^ 3d# iA|*h 3dO|ZL, 

^ii2£^ ^iii£(b)2i ^§ u o h as a j# Lfl&e ^&a|°i y§u ah sou, 

*1|3i^ fll 2£» ^&&^e^I SEhSioU, 
*1|4i^ *1|2i» lf& c!" E H— I =Eh^iO|ch. 
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* V ^ t "^°i o -H 

^ ®g*[JL 0|°| ^A^O||A| g^g ii°7|i^ ^ AH^S S E H— I t§ H o^§ A J^K 0|» ^§0||A| Afg^ 

u||#th^ Sii^ S.^ftaii Si o|» o|g&7|i ^§h*|o|| ^^o|cK 

# AHA h ^ §J A^o o]^ M-^ aN| «-L||Aj A^l °l o Dlj £| & #0| | £ A ^ 

^ SB, eEfloii^ °^|x|a| SI Ell oil ah «eh, ^ih^^j, #ah E h x W | Ai| ^ a^^l, §y M^, 

B}JE*II 5§g 7|£MN<>|| ° 7 |g°| £9J*^ ^0|| 0|s7|77W MS a1E|^°^ H7i| 

o| BH*h o\^o\\M gg#± §y ^A| ? p| $m am 2d^7h asHxl°^, n &7W ^o^i, =^#^011 °| 

§H #£M^ Si 7|i# ^a|?|^ g,hgo| 7H^£|onch. o| 7H#^i(Bubble Mechanism) o|^# ^7H 

^ & 5°SAi, ^§o||a| ^ fj^l* * o| S?|| Lfl oil ?|A|& ?H^°H(cathode) # Y^o||AH°| ^-aho| 7 ^ 

QgO|| o|gy ghAjogol ^iE|S, 0| #x\<*0\\ 2.\m mo\ 7m^M S^U, 0|a7H| gAH£ 7|i^ a H7|7^ 

4S0||Ai u|°f^*j7«0|| £|§Wi &20| HO^H^, Ol^Ol QH^ °Aj^|°| n^|# ^S| ^£S|2, 0| 4§ 
Oil AH H2+, 0-, 02, 03## ^A|?JC^ ^# Lfl-g-o^ g^ oi cK 

a^|o| o|^ ^ 7H# ufi2g, 1978^ IEEE VOL El No4 7|s ^Sj^o||Ai *J^go| ghAjAjg 0 |§, ^ kV 2|1 
^ S°J§ °Jy[^0i ^§ 7|i» ^A|?|^ 7|i o^htjjSUS oio D ^ ^LH0||A^ 93^ ah A ^o| ^ 

*hh q|^s ^£°)o||ah, ^sHoilAi ^s|- a^» m^m| &\± 1.23 M^o, ai = s ^ 0 | gs 

sfi|, ¥S^o|°| a^^gs|4;^e^8l£^ §PI fls«A^g^o| 7j^ 0 | immo|uH o|(Hot&o| gx|H|oH 

C[. 0\ Oj^0|| SlShS, S^S, ^jS, «^JiH ^BS § Ch°t^gEH°| ^AJ S o t# Ajgo| ^jol ^Ai|AH □] ^ 

S2#0| 7k& ^2L[, St!2S A^o| -*|| 7h 01 - ^jo^ uflzn., ^AjSH o^AH ojifl Ai |A|*h 

nam, oJ4|| S^SI E.4je ^A|£|cHou^ #AHA h ^ gj o^o| ^ Si o| X\*tS\JL, 7|i^#0| 0]Z^ % 

e S^, ^I^A| ot^ oj ^n h o| XH H _H^ q lg Af§S|2£ o!s« A-i|^| b|g0| -^cfe ^|go| °i 



ffl, ^ ^7|fif ^ ^Ai|g # SH^^PI 3°SA1, 7i?|H|^ iAjo], o|gy Ajg Aj^ # gAH 

S^sl E.^# m\m ^ ah^S S E H —I A J# 5!o|cK 



A|0||^ A^o^ gE _^ - 01- 7)s ^Ayx^| S x|| gg^ 5J 0 |D1, 

M ^go| s c ^ sah = _ -g^Aj A | ^sht #21 ^ 7^» £|Y^ ^ 

7|i ^ 0 |ch. 



^7|fif ^ ^AH # ^AHgp, o |& M ^goU x§o l! o ^ Si HAHEIOII iAj # ^*|gp| 

C^7«°| S0| gAH£ S^; gj A^ 7 | g 0 | gAH£|A| °^ ^|B| o t =^0,^ 0 | ^OJ°| ^M^ °t^O^ ^ ^ 
AHo| fl n f a cj Uj° ^ # injol ^ 0 |^S=o S gAH £ | ij z|Z|o| o t = S.Aj E| 0|| A^ 7 | x|JH3fe |,^o^ 



gO| gAH£ X\X\L\\-M 2.®*\0\ =H$5\E\, #7| £iiO\\^ M7\ §0|| 3?|£|Y £Aj 0 | O^JH^Y ot^S 

5 SSSfe c^7H2| Y9o| S^^l 5!2K ^ 0>11mm oj ^ Ap, c^ 7 ||°| ^#Y9o| ggg 

S*||o| otinj^l ^S\S\, Ap| nj Ap| o t ± X|X|q|0|| gAHg Ap| g # ggy x]Z|o^ JHa^I*|H|Y £ 

Ajo| o|^ 7HB|» US^I Y*|A|7|7| 7J^Y*IS;S Ci Y££ ^ Ap| ^|o| Aj- * 

SJ a^| ots x\x\l\\2.\ 9\^o\\ ^?mY £±j2| ^S^THI Y*l^7| ?|& *7|Y;» i 

y££ m\ mm siY ^o\c[. 
s*k y ^soii cc^ ^ftsi A J# o|§& 7|i g^&A-iY, £|Y^YN Y£J£|Y yy» eWPi ^ °o, s 

Si £|Y^ UHS^I^ YY» eH-H^PI ?|& ^#£k)| gAHg °- AH^Eh; A^| ooj^a g5 j 

Y£M#^Y Y90| gAH^ S ^ &*I^E.h #7| YY A-|&YEYH°I|£| YY H|0||Ai Y^SWPI o| & E 
*j0| ^*|£ AH| 1§0| AJ; PJ Aj- 7 | ^AjOll AHB^g g^7| $| & S S g^^lS if^ Y£ 

g 5! oil Y£o| gio Dl 

Y ^goil [4= ^f&SS o|§& 7|s ^a^| - #7 | aH^-^oi £ | y d J a^^i ^d| £ |oH 7|s°| YY 

m ^*I^Y 7|±l££ ^X|^Eh; Ap| °oj£|. £ 0 |2| #7| YY aH&-^o| £|-ojol| ^d|H|OH, 7|i°| YY» *h 

Y 7|iYY ^*IY£l; §M 7|i7^X|S 3Y0llY^7| ^§§9^ Y£i#A^^ZI, 7|i7HJ§|f 

ol^SJ 3 Yoll Y Ap| ^Ajoii g^H|Y A^hi^ flKHsfe *l|o^EhS if^ Y££ 3d oil ^y Y3 
o| xisol, 

6 SfgOll C^Y t§ a o W J§ A J# 0|g& 7| S ^§&a| Y, & 7 | YY A^Yt^l A^Djoll ^^gog gAH £ | - 7 ^ 

uUSY;* i*^oi Y££ 5! oil a c^y Y£o| ^o|cK 

^7|fif ^0| M ^go|| LLtE 1 SI 0|* 0|#& 7|S ^&A|t, ^7| ^§^J§ ^S| a^ 7 | g^| 

SJ ^ 7 | ot^ x|x|q|o|| gAH^ Ap| s# Ais 5|zto S omiHA|» o|Y£^ 3?IS S-yoil, a^ 7 | as g^- 

Eh« #§H 2!$I^&01| LL\B.\ ZVZV A-\sL Chi X\^m 0|^H^§^ £Aj AK)|0|0||Ai ^0| ^CH 

L-I-7HI S\1L, ^S0| ^Sfe 0||LiX|0|| °|5H Ah 7 | °- aH^-^ u| |o| ^7^|Sf5fSA| 1^^, Si 

7|i#o| Bhatk}. 

o|clH, a^7| ^ftaSiS, t-yol AjxhS#AH^ jnxhE|cH aflsl^^sssiol Si£|, A^ 7 | ot= X| X| dh s| £0| ^ 

7| #*||S| = MCh 3.^ §ol! ^dS g^, ^7| gAl|o| o t ^ So| | - « £ o| ^°X|^0| gAH H |0H Si^Ai, ^7| JH 

A^o^lAi Y £4jo| s|S ex| av s o.7~i. 1mm §£°| ^§ ^# EE&, ^7| ^a1|°| 

?m n JO|| gAH^ M 7 | C ^o| ^ ?9 4 i Ap| a*||o| AJ- * ^Dj nj Aj- 7 | ots A|A|D^| £| ^JOll gAH^ M 7 | c ^ 
-I *7|Y^ ?im, mm £*j2| A^ 0 | fhA|. ^AH^ 7i | °A|£|^ fg, 0|^ oj^ JE^*|^ Zt 5E<d^S| 0| 

A 7HB|7^S^ 7i | °A|£|71| S\C[. 

&x\0\\ 2.\m ^7 1 7|i §0|| A1 ^± % *± 7|i^ ZL b|#0| 7|iM^^ 0 W, ^4 §A|0|| Ah 7 | °- 

Ai&-^o| aj-y^ m[Er o|§^ * aj-71 y[± §§H £IY^ uHS^U, st£#± §y 2^ 7|s^, Ah 7 | 

SSH ^Y7h £|Y^ ^i^|, £HYY^ ^7| #7| aH^E^ LHH| ^L-HOII ^^H|71| g cK 

^7| ^0|°| Lfl Oil fei 0 |Mo| 7|i7H,^E|ejAH, Aj- 7 | 7 | ifei ^X|^0| ^b|g ^|*|^| Ah 7 | 

#AHA^ nj 7 |^ 7h *AH£|01^ Ah 7 | 7 | £ ^£ ^ X |^^ ZL ?| a| 0|| Al 2| 7 |i° °# ^A| ^ Ap | X1|0H^^| 

^JS» ^t[JL, a^7| X1|0HY^ ^7 1 ^gj^2| ^^0|| §AH£j g^lHf 7H S-ehCM a^7| ^ 

g^&Ch g^H|^ ^2| ^011 o|gy M 7 | ShAHAh^ nj 7 |^ 7 ^ My\ gs| «2J Y 

^ bH#H|7i| gch a^ 7 | 7 |i^ - ^A|Yt[s| ?|a|» £|Y^ uHS^I^ YY^I i&£|^ 7|s°| 

5lt Y Si7i| 

^7| YS^# §§H ^7 1 YY AHAi-YEh lHY^ YSJ^IY YYY, ^7| a^Y ^a|YE.^I h|§H YY Y^a> h S>^l 
Y^£|oH Y^£|H^, Y^a| s^y ^o| 

s*h EJ-Y eJ^»l #7 1 g^JMf 7H&SJ^o||£ 17^2 YY7|- Y^£|a| p># SY^IY, TilY^IY ^ 

Soil 7|i^i7h o|ak»| i^s||S YY^I YSJ^ol siolAH YY7h fi] Y^ uHSS Y SlTfl s\jl, o\o\\ h[ 

z-l z\m Y 7|i7h Ah 7 | 7 |^yY ^A|YEho| Yh|^! Y^^IS, 4P| 7|iYY ^IYEh# o| 

« ^7 1 JHKH^tN ^Js» ^7 1 ah S g^YEh# ^loH^oi a^ 7 | y§S,^Y A J^I ^?l^ i^jo^|a| 2 



&! *f^t2S«l, ^ 0|^o| dj.g 0 | ^omx| gJr£i| 0|0|| 7\±J[ &ftf>[JL Si^ 0||L-|X|7|- 2J Y ^ 

o|sh y u-soii t§&^s i o\m ois&7|i ^g-*isi hi%5|& u ^a|o^i dh§h sy^ ssoii 21 th 

fl|1£(a)t^i D ^l fl-^ ^guhgg ^§ iA|t|- AH£o|i, *l|l£(b)^ *ll1£(a)2| t§^S l^l 

&2 0|^JQ^sh£S ^Ajg ^}*|^ £js E A|& ^°siM, gj 3(.njo| ot= ^A-\E.\0\\ £A]g £| *h cf. 

T^H-I fi(6)0| ^|(1); SJ #7[ g(6)0| SAH£| X | °^ g*|(1)o| °t injojl o| = °j°| ^O|^l>to^ gAH £ | 

s|, &7| ^*||(1) ^ ^E2| # 0.9mm(d)e[§ ^ w° °J h| m ^ z|z|°| ot± s 

A i 2-I °HI -i=- £P| S(6)^ *Mt>[^ ^°si ch-7H°| S(7)o| gAHsj ^ *: -o* X |x|q|(2, 3);» itJ^M SI 



&7| ^1(1)011^, #7| g(6, 7)# §§H ^XH2 S Mxm$\E\± £Aj 0 | °t f?i§ ^7«°| ^ 

A|A|?p| ^l&TJ^ ^x|Eh(5)o|, °t = °Jo|| m^a| 0.9mm(d)H| £o|^ cK^U Sifl. &7| g*)lt Ajaj 



&7\ g*||(1)2| ^ * Si &7| ^ * Y^ A|X|CH(2, 3)2| ^ * Y^ D J0||^, A^| a (6i 7 )g gj| £Aj 

-I 5HN# SiSsWI ^|5h7| S#Y(4)7^ C^7|| S^ejch aicK 



^7|Sf ^0| ^AH^ M ^go|| [d-s -gghAjg AJo| A^l gj Ap| oti X\X\L\\(2, 3)0\\ §ol! £P| g(6, 7) 

# *I|1£S| (b)o|| £A|£| u|-sf ^o|, 0.1~0.15mm£j ^xfg£ S a^ 0 |^ Ha^?| 

& Si zt^tsl ^jg o.2mm o|^s| Ml H -H^# a^*!; x|| 

iaSti(31) SJ 22S-y(32)# ?jl&cK EE*!-, ^7 1 X|| 1£!S4j(31) SJ 23^^(32)^ ^^§(34)# # 



£^o| ^ s aj^o S jax^flsli, #7 1 g*|(i)o||£. a}7| ^9(la)o| 2J^°^ £^ 

°^ °Jfi^7| g*||(1)S| A^hghgt ^^gio| #7 1 °m x|x|q|( 2 , 3)s| ^s^l h|sh 5E 

m\ &^0| g^£|7i| gcK EEfi, iAj ^*|A| M 7 | S# «(4)2| £|^0]| ^0]| 

HI! SOII, ^7 1 *#Y(4)2| °jm\k\ £EAjo| A^ 0 | 0|&£|[;i^£E qOiA| ^0]|A^7i|^#S*i^#^A|upi| g CK 



flaw, ^7 1 ^|(1) SJ &7| x|x|q|(2, 3)2| ^ ^o| SJ ^7| ^x|eK5)oil z\m ^2 0.9mm S£2| 

gC^Xi 3?|i^S, S"^ SJ H ?J^# S-^ ^§^WI ^A|# ^ ol^ Ai; Ajgo| Aj^ # A^^W^ 

0||£ Zt2t°| JQ^S#0||Ai ^0|L.^ ^S^0| §^^|-7H| ftX\S)JL, 0\± ^Lk\^0\\A-\2.\ H[^t[7]\ 

S\^r 7 A0\ S-X|E|H^, ^A| £Aj2j c.hAjs uhx| ^ ^ °i7H| £|c|-. 



Aii2i^ i^joi ^*i^ 5E12| ^§^s a j§ LHAi-*i-7|i ^g-*i°i ahsoiji, *\\2^m ant} & 

E||o| §^njiO|ZL, Ai|4i^ Ai|2i# A^E||o| i^Dj^AH, ^ 0|| [L^ 7|i ^A^| - £| Y^.-r- E i ^ 

=l^ eJ-L-H ^h7 1 ^|Fi ^gj^(15)0| S5|± ^EhYOll £|Y^ UHS^I^ eJ-L^PI ¥l& ^-#^(16) 

^ £|* ^Ei^Yoil ^S7|(12); ^7 1 ^§7|(12)2| A^ SJ s|-Soi| z|z| ^tJ-H|^ a^ °q £(13) 

^MJb(14); ^7 1 5|-E ^u|E(i4)oj a^cxi ^blElEl, a^7| ^gj^(15)# §Fi ^^S| ^°J^l>to|| ^^^9(24) 
0| gAHH|C^ Sii, ^7 1 ^ ^^^9(24)# ^o, vv m] ^&o^ =?■ 

9(23)o| SJ-a|^07); a ^ ^1^(17)^1 ^=o|| ^d|E|E|, £E^o| -yx|-go^ ^*|^ 

^#^§^(10); ^7 1 ^-#^(16)°^Ye| ±% 7Ha| o|-E||o|| ^p-td|£|^, Aj si cHS^i^ & ^s| 

(20a) moil ^^AK18) SJ ^^AK28)7|-^oiniAHE|o! 7^o|h(20); &7| ^-gJ^(i5)°^YE| 

^§ 7HB| ^| oil ^b|E|E|, M^L ms>^i^ &#2| ^g^g(21a)oil ^Y Y^aK19) SJ ^Y ^^(29) 

7^ #gji§£|oi si^ ^y 7|-oih(2D; ^7 1 ^§^s§ i(io)oii i^oii g^^Pi ^i& as g^S- 

a|(25); SJ ^7 1 -£JY ^#^K18) SJ ^7 1 §hY ^#^xki9)^Ye| ^Js» gJ^^oh ^7| ^#^(16)21 ^^o|| ^ 
^^1^(26)21 7||fl|oiY SJ #7 1 SS g^g-*l(25)2| S^olY* *JM^ ^MY(27);» i*^oi 

Si°q, &7| A}oj ^L|E(13)S|, a^ 7^0|H(20) SJ ^7 1 5hY 7hO|H(21), ZLEjm ^7| °q e( 14 )- Z| 

A ¥Ia|oi| sah^ ch -o| ui r A! f ^g(22)g S§H ^tmAKi3)s ^2 ^&E|Oj Sifl. 
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^ ^M^(13)2| ^°jo\\^ ^5|Sgs| 7k^ n«#^g(l3a)o| fjgsiol Si°o1, ^7 1 ^ftSi A J(10)o|| ^ 
A^o^ ^Ah^|£ zl ^?|a-&0|| [4ah^7| g^g-*|(25)2| *1| 12^(30) Si *l| 22^(31)011 ^ 



Ap| ^§71(12)^, £P| ^Y Y£^AK18), #Y B*#^*l(28) SI £P| ^Y Y£^*K19), shY 1^*1(29)* 
A^Sm Y Sii^ YS& a^°| A^§^£|, SSS S&g2| ^jol Hh^l^ch 

olsN-M^, ^|fif ^o| ^ah^ £ ^-go|| cc^ ^guhgg *j n; 0 |» o|§& ^a|o||o| Akgo|| D y 



Ap| £ S g^S-*l(25)» £PI Y§!^£!§- (10)o|| #7| g(6, 7)oi| -fejx|-go^ Sl&o\\ S 

^# g^S, zl ^IS-goil cc|-ah zfzf a-^ cl^. ^o|| oj^ai Ap E ajo| A|*j^c|- ^ 0 | sjcHi-plI sj 

^. 0IIIII, i2 AH 0|g^0| Ap| £ Aj a^0|0|| ^OJS 3Y0II EHdS g> h A|# Y oj^oj-g 

Ap| S-SAI Oil Li X| Oil 2|SH, Y^§7|(12) Ml^l ^Y 7^|S^|°jAi SW^a^ ^ ± = 

-I 7|i7h 0|[XH , Ap| ^§&SS -i(10)O|| gAH£j Ap| ^ g(1a )| gs h0 j °-o| * S0 | S#sH 

Apil je| —sL, ^o| Mc^ # 0 | = o\ x\i\\ ^cK oim, Ap| # Zlgg(Total Disolved Solids)o| 

20~500mg/-&°! Y§^, ^ H^el A|^hY, ^§Y ^# A^sfe ^0| d^xi^c^ 



Ap| uhgoll o| S| | ^ & OiEH #^S| 7 | £ -o||Ai, o^o| ^AjS#S 1|0|£EB|Y. ^S|| # 7|i<^ Y^ ?|S §§, # 
AHA^ Dj os 7 | i0] | d | 3 y d | #0 | 5fo £S ^4 §A|0)| 7|iEM^ UU^ a^| - ig 7|( 12 )o| a^S 

0|§^0i, Ap| Alui -u|E(1 3 )o| -o h0 || gAHHj Ap| 7 La. b || (1 g a)# A ^ | ^Sg7|(12)S| £|Y^ "MS 

e|cK oimi, a^| 7^ bH#^S(13a)o||^ ^gs| H7|#s§e^8l^s§i^* ^u|^5Jo| u^sis^k 



(16)# #§H £IY^ uH#£|a|°}, cHYYsl a^o||^^7| ^§7|(12) 4|s| ^ m\ £l^K 



7i|^£|^ ^^o|| o|gy a^| °|ij( 16 ) ^o|0|| °it LH0II ££0|AL°| 7|i7h m^Hl^Ai 7|S7|-^7| ^Y 

^#^AK18) ^Y ^^AK28)o| ^u|^ ^|A|;;W £§^hS, ^ 7 | -^AK18) SI ^Y ^^aK28)^ o\m y A 

X\t\0\ a^7| Ai|C^Y(27)0|| AJ2» S^^l Ap| ^a 7 |(i2)^. Y o o S^HM A^| 

al^ ^^AK28)oiiAi ^# ^mn a ^ o\o\\ i-mn^ ^\ &\ ^y ^^kispi- oi# as, on&eh^ si 

n ^ ^5\0] W0| M 7 | ^§7|(12)» 0M W 0 \ a#£|A| ?>°°j, ^7| 

c!"Y Y^AK18)7^0FF #EH^ £|°dAi, 0| Aj^fl. M 7 | fl | oj «(27)0)| Aj^^l £|- ^o|cK 

0| Ajs-^ S^gJ-s M7| Ai|C^Y(27)^ ^Y LflOll #Y& fe£2| # AHA h ^ oj 7| i7 ^ ^tloH^j, nh^^O^ 

^2J^(15)2| £|Y ^*0|| M7| ^^uj^(26)» 7H hi-H-o ^ , Ap| ^§7|(12) LHY^ g^fit 

7\\ S\JL, 0| ^Y^l ^-gJ^Oll °\m #AHA h4: 7|^ oj 7 | i7h a^°| ^Y7h Ap| ^#£K16)# S§H 2J 

Y^ tJH#>^|7i| ^cK ^7| ^2J^(15)# §§H ^7| ^§7|(12) lHYS ^SJ£|^ ^Y^, ^7| am ^1^(17) 
si &\ ^Y ^^^9(24)°^ ^Eh Y, ^7 1 ^#^9(23)# SSH ^Y ^gJ&Wi q\f>w tl u J&°5 Y 

AhHic^ bH#H|H^, ^Y ^gjoil am Y^§7|(12) t-HY0)|Ai°| £^ o o"l ^A|^DK 

Oimi, ^7 1 &%±XH28) S! ^Y Y^AK18)H| ?|A|^ M 7 | ^§7|(12)2| £o| u+ah 0|^A|^ - oi 

zi o|§ ^|A|o|| ccfah a^7| °#^( 16 )o| fe0 |o|| si^ ^Y, ^ £IY^ ^S^l^ ^Y Ml oil i*^ SI 

2^ 7|i°| 5|f Y Si^il ^, ^7| AJ^Y ^^Ah(28) SI ^Y Y^AK18)» ^7| ^§7|(1 2)2| 

^0|# CCfah uhthY ¥I*|A|?|S, -£^Y -3h^AKl8)0|| °|SH 7|i7^ ^X|g A|^0]|Ai, A^7| t5§ 

7|(12) uflOll Mch 7|i7h Si71| bH#£|^ ^YOII 7|i°| fe££ ^0^|71| E|{H, # 

^# H71| S Y Si^h SYS^I 3°0||^ #AHA hi o| 0.1~0.2PPMO| Ufc 7J0| U[Bl 



^Y Ml oil *^e|(H Si^ S^a^ si 2^7|i7h£|Y^uHSE|o|, a^| a^ -^aki8)o|| °|§H 7|^7h ci o|^ 
^x|E|x| m\ £|°J, ^7| Al|OjY(27)^7H^ ^Yl^(26)» chA| ^7| Y^S^I (1 2)^£| ^YS^ 
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S|HS, ^ ^°| 7|i7^ cH ^S|=|7|| S\JL, #7| Ah- -^XK1 8 )0|| £|§H 7|i7^ 4*ll! §£S ^£2| 
7|i7^ CH #7| -(27)^ #7 1 ^!-(26)» 7H^O| ^» H||#& *, Ap|o| # ^ 



S*K Ap| -^ XK18)CH | o|gy 7| ^ 7h ^ x|s|(>1 ^ {26)m 7H ^ h «^ 0| | i f ^^2, E^ #21 a| 

<^M, a^| -^§7|(12) LflY°ll 0|^o| °- g^o| §E^I D J, #7 1 ^#£Kl6)Mch ^e ?|A|o|| Si^ 
A^l ^p| o||Lix|o|| °|§H uH#€ ^ 2i°>4, #7 1 4f#£Kl6)Mch ^ ^p|o|| Si^ ^ 

oj °^0| g^A| bHSS ^ SUil £ck ZLBW, #7| ^i§7|(12) L||-0|| ^&H|C^ Si^ 7^£|^ ^ 

S0|| °|§H 7|iS a#E|SAi a^| ^g7|(12) LHYOII Tll^SHAH ^AjE|i, ^0|| ^ ^§7|(12)2| SJ ^ 

shEFYOll ^|A|&Ap| shY ^^AK19)0|| °|S|| 7|S7hax|E|S, #7| *||OlY(27)^ fil^^^l ^£J0| a|^ 

, #7| ^§&?l§ -i(10)O|| iAjo||o| A|E^ 



^EhYOll ¥|A|&Ap| shY ^^AK19)0|| °|§|| 7|i7 
SlSi^U ©E^U, #7| 2 S g^*|(25)» nO\, M 
01 Ci 0|^o| uhgol ^C^L_ W °>f£^ fhch. 



Oh#Bj, Ap| ^oj^(15)# §SH M£g(2JH #)0| sf^! ^ ijElS, ^7 1 5hY ^^AK19)0|| B|SH £| 

CH, ah*j 0 | §E^U, 0|CH| ILW ^ ^^AK18)0)| B|SH 7|5L7h #X\S\X\ m\ E J°^i ^7 1 g^l 

-(26)» 7«^hx| ?>7i|H|HS, £|Y^ «Ei7h &7fl £|cK 



A^7|ah^o| ol^ojAj £ ^go|| cq|^ ^f H o^§i * o|»o|g*h7|i ^&a|^, u|go| A-ja^A^o, 2 
^« A^eM ^S^Soii °|sH 7|a* ^A| ? |ojAH£, t ^o| ^cHuw °>^, xigoj THa^sfoiWS SIPI 
s| 7|i^ y ^ si°Di, ^o|| 7|i°| ssfc q|s 5§t ^ Si^, #s| 3 

°0||^ SE^W S^2| E^« ^l^i, fl2S 7h^7| i£S &a| £|Y^ UH#^ 7|S^2# 



A^oj nj e^o| oti H Aia|0|| ^Aj # 3*1 §p| o| & c^ 7 ||o| go| gAH^ ^|; □) Ap| g0| gAH £ |A| o| 

ot ^#o\\, o| ^□JHI ^Mc^ 44 ^go| ci ^# ^°Jh| ^o|g,^o^ ^ah^ 44 

2| ^= HAiE|0|| A^| Alj^^- H J§o S C^7«2| S0| gAH£ A|A|DH;» ^AH £ p L Ap| a^iou - 

a^7| gOll 3?|£|^£Aj 0 | omjIlA|^ ^Sf^S^ C|Y7HB| ^g 0 | gAH^ y§^§ a J. 

§7f 2 : 

flMSoil aKHAi, Ap| ±mo\ gte 0.7-1. 1mme! 5§¥J°^ ^ 

AH1 1 S-01| alOfAH, A^7| C^7H2| 3S^g0|| g^£| g*|2| ot^^o,, gAH £ | £L M 7 | oj Ap| ot* x|X|q|0|| °JM 

2 ^7 1 S# S§H ^2 5|Z|o^ JHAB?|£|^ tAj7}o| o|4 7Ha|» ^§^7i| ^|A|7|7| ^ 4^^IS; 

S?9 4: 

^11 *h, AH| 2 *h ^ Xi| 3 &0|| al<HXH, A^7| ^|°| M * gj MJ\ ot* x|X|DHo| £|*njo|| 

S| ^2!^ ^^1^ ^^2| #7|Y;» ^AHg y Am ^Alo^ ^§^§ aj 



£IY^yn e^^i^ ^» e-^H^pi ^i& ^oj^ si ^7 1 esj^i m-oii ^i*!^, &iY^ uHS^i^ ehm 
^71 ¥i& es^oi e^ A-i&^Eh ^7 1 es^# s§H ^tiHit^t ^goi 

2^ ^7 1 e^ Ai^E^NlHl ^ LH0||AH ^§^AH^7| o| & E Aj 0 | ^*|£ X|| 1f|-o| 
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